Studies of the metabolism of glutamine and glutamate by renal cortex slices from acidotic, alkalotic, and control rats were performed. 88-95% of the glutamine and 104-115% of the glutamate taken up from the medium could be accounted for by the products found. Acidosis increased glutamine uptake and conversion to ammonia, CO 2 , glucose, lactate, pyruvate, lipid, and protein. The increase in glutamine conversion to ammonia after acidosis could be completely accounted for by the associated increase in its conversion to glucose, glutamate, lactate, and pyruvate. When glutamate metabolism was examined, acidosis did not affect substrate uptake but did increase its conversion to ammonia, glucose, lactate, CO 2 , and lipid. The increase in 14 CO 2 from U-14 C-glutamine and U-14 C-glutamate found with cortex slices from acidotic animals could be explained by the CO 2 production calculated to be associated with the enhanced conversion of these substrates to other products during acidosis. 14 CO 2 production from 1.2-14 C-acetate was found to be significantly increased in alkalosis rather than acidosis. These studies suggest that in the rat, the rate at which glutamine is completely oxidized in the Krebs cycle is not a factor regulating renal ammonia production. A comparison of the effects of acidbase status on glutamine and glutamate metabolism suggests that either glutamine transport or glutamine transaminase activity are significantly increased by acidosis.
INTRODUCTION
The importance of glutamine as the major precursor of renal ammonia production, first described by Van (1) , has been well decomuented (2) (3) (4) . Despite numerous investigations over the past quarter century, the mechanism regulating the increase in ammonia production from glutamine during acidosis remains the subject of continued research. Many control mechanisms have been suggested including: glutamine transport (5) , the balance between glutaminase I and glutamine synthetase (6) , glutamine transaminase (7, 8) , mitochondrial oxidation (9, 10) , PEP-carboxykinase (11) (12) (13) , and the "redox state" (14, 15) .
To obtain further information on the mechanism through which acidosis increases renal ammonia production, studies of glutamine uptake and conversion to ammonia, C02, glucose, and other products by renal cortex slices from acidotic, normal, and In vitro studies of renial cortical metabolismi. On completion of the various tube-feeding regimens, rats were decapitated, blood was collected for the determination of plasma C02, and the kidneys were removed. Approximately 150 mg of renal cortical slices, prepared with a Stadie-Riggs microtome, were incubated for 90 min in Krebs-Ringer bicarbonate medium at pH 7.4 by a method previously described in detail (16) . Cortex slices from each animal were incubated in separate flasks containing either no added substrate or 10 mM glutamine and U-'4C-glutamine (61,300-135,000 dpm/ /Amole) or 10 mm glutamate and U-"C-glutamate (46,800-117,000 dpm/Amole). Glutamine and glutamate were added to the medium from solutions in which the pH had been adjusted to 7.4 with 0.01 N NaOH. The amount of NaCl added to the medium was adjusted so that the sodium concentrations in all media were equivalent. U-"C-glutamic acid (New England Nuclear Corp., Boston, Mass.) was found to be 97% pure when chromatographed on Eastman Cellulose Chromagrams (Eastman Kodak Co., Rochester, N. Y.) using a solvent system containing isopropyl alcohol, formic acid, and water (75/12.5/12.5, v/v) (17) .
When U-"C-glutamine (New England Nuclear Corp.) was examined in the same chromatographic system as U-"Cglutamate (17) it was found to be 90-93% pure. The main contaminant of U-"C-glutamine was pyrollidone carboxylate, which contained 474% of the radioactivity. Glutamate contained 0.3-1.0%o, and other amino acids, a total of 1-2%o of the radioactivity. When U-"C-glutamine was examined in the thin-layer system just described with the modification that solvent 1 was used in both directions, it was found that 4-5%7o of the radioactivity present in the glutamine spot after migration in the first direction appeared in the pyrollidone carboxylate spot when migrated in the second direction. Thus, the purity of U-"C-glutamine present in the incubation flask before exposure to the chromatographic solvents is probably about 95%o. To determine the impurities present as organic acids, U-"C-glutamine was also examined in the thin-layer system described by Whereat, Snydman, and Barness (18) . Using this method, pyrollidone carboxylate contained 3.5-4.0%o, lactate + pyruvate 0.1-0.2%o and all other organic acids 0.6-0.8% of the radioactivity. The radioactivity isolated in pyrollidone carboxylate was similar before and after incubation with slices. This finding is consistent with the observations of Weil-Malherbe and Krebs (19) (20) . Lactate and pyruvate were determined enzymatically in neutralized perchlorate filtrates (21, 22) . Medium ammonia concentration was determined in duplicate by the Conway microdiffusion method (23) . The ammonia found in glutamine medium incubated without slices was subtracted in the calculation of ammonia production.
Glutamate concentration was determined in the TCA filtrates using the fluorometric procedure described by Graham, Werman, and Aprison (24) . Glutamine was determined in TCA or perchlorate filtrates, or in media diluted with 0.2 M acetate buffer at pH 4.8 and kept frozen overnight, by a variation of the glutaminase method described by Addae and Lotspeich (25) . In this analysis, 1 ml of diluted medium or medium filtrate was added to 1 ml of 0. medium from the glutamate studies was passed through a column containing an anion exchanger (AG1-X8, Bio-Rad Laboratories, Richmond, Calif.) to separate glutamate from glutamine. Because of the low glutamine and high NH4 + in the eluate, glutamine could not be accurately determined with the glutaminase/indolphenol method described above. Instead, glutamine was first converted to glutamate by acid hydrolysis (26) and glutamate determined with the fluorometric assay already described. Glutamine standards were also assayed as glutamate after similar treatment. Glutamine and glutamate utilization by cortex slices was determined by comparing substrate concentration present at the end of incubation with that found in medium incubated at 37°C without slices. To determine the conversion of "C-substrates to C02, 1 ml of untreated medium was placed in a 25 ml Erlenmeyer flask and the medium in the stoppered flask was acidified with 0.2 ml of 10 N H2SO4. The evolved C02 was collected, during 3 hr of gentle shaking, in a polypropylene center well (Kontes Glass Co., Vineland, N. J.) containing 0.2 ml of phenethylamine. The center well was then dropped into a scintillation vial and counted in a Nucear-Chicago Mark I liquid scintillation counter (Nuclear-Chicago, Des Plaines, Ill.) after the addition of 15 ml of the liquid scintillation counting fluid described by Gupta (27) . The radioactivity found in a blank "'CO2 determination made with medium incubated without slices was subtracted in the calculation of "CO2 production. A correction was made for the C02 calculated to be present in the gas phase of the incubation flask. This correction was based on the measured flask volume, an assumed molar gas volume at 37°C of 25.4 ,ul/mole and studies of medium Pco2 and total CO2 made anaerobically at the end of incubation (see Appendix). Using the calculated gas phase C02 in the determination of total flask C02, the recovery in C02 of NaH"CO3 added to eight flasks containing Krebs-bicarbonate buffer was 105.4% (range 100-109%).
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The conversion of 'C-substrates to glucose was determined from the specific activity of glucose isolated as the phenylosazone derivative and combusted using a modification of the in-vial combustion method described by Gupta (27) . The glucosazone crystals were dissolved in about 2.5 ml of near boiling ethanol. 2 ml of this solution were pipetted into a tared tube, and 0.1 ml into a platinum-irridium wire stand and cup. This stand had previously been placed in a scintillation vial and contained a cotton pellet and siliconized lens paper blackened with India ink. After the vial had been dried for at least 4 hr in a vented oven at 60'C, phenethylamine, 0.1 ml, was added to a glass fiber disc (Reeve Angel 934 AH; H. Reeve Angel & Co., Clifton, N. J.) previously placed in the vial. The vial was then flushed with 100% 02 and capped tightly with a foil-lined cap. The lens paper was then ignited by focusing a strong beam of light from a projector lamp on the blackened spot. 3 hr later, the vial was opened, 15 ml of counting solution was introduced; and the vial was tightly recapped. After allowing at least 3 hr for the carbamate formed between the C02 and phenethylamine to dissolve, the samples were counted in a liquid scintillation counter. The amount of material combusted was calculated from the osazone found in the dried tared tube. When the osazone was prepared with cold glucose and U-14C-glucose, recovery of the isotope in the osazone was 96-104%o. No radioactivity was recovered in the osazone when the derivative was prepared with cold glucose in the presence of 1,2-14C-pyruvate, U-14C-glutamine medium incubated without slices, or U-14C-glutamate medium incubated without slices.
In the "4C-substrate studies summarized in Table I Mmoles of glucose formed from substrate 5 1 = gmoles of substrate in glucose X -X - (2) 3 2 For extraction of lipids, slices were placed in a 2: 1 chloroform-methanol mixture. The first crude extract was decanted and fresh chloroform-methanol added. The two crude extracts were combined and treated as described by Folch, Lees, and Sloane-Stanley (28) . A portion of the final solution was placed in a liquid scintillation vial and counted after evaporation of the solvent. To determine the amount of '4C-substrate converted to protein, the tissue remaining after the lipid extraction was homogenized and purified as described by Bignall, Elebute, and Lotspeich (29) with the exception that the final solubilization of the protein was in 1 N NaOH instead of hyamine. Protein was determined by the method of Lowry, Rosebrough, Farr, and Randall (30 
728 ±43 (32) 319 ±8.1 (33) 154 ±4.5 (33) 53 ±:6.8 (13) 18.9 41.6 (24) 2.71±0.42 (10) 131 ±4.8 (33) 367 ±11.1 (33) 16.8 ±0.7 <10 22.6 42.6
(13)
14.5 ±0.39 (12) 91.4 ±3.12 (5) 3.2 ±0.11 (12) 797 ±49 (26) (19) 24.2 ±1.7 (29) 4.224±0.66 (13) 98.6 ±3.1 (26) 336 ±t9.9 (26) (7) 13.2 (7) 18.1 (7) 24.4 (7) 11.9
7.38±0.31 (13) 111 ±6.0 (5) 1.25±0.05** (14) ±t2.4 ±2.4 44 .5 4 1.4 (7) (6) (7) (7) 7.8 ±2.53 (13) 96. 8 43.84 (5) 1.6 ±0.05 (14) 1779 452.5** (25) 241 ±9.6** (25) 402 414.2** (19) 53.2 ±4.9** (24) 7.07± (5) 3.22±0.15** (12) * Significantly different from control *P < 0.05, **P < 0.01.
I Determined by measurement of products. § Determined with 14C.
significantly different from background. In this report, therefore, only the incorporation of "C-substrates into tissue protein and lipid has 'been considered.
The incorporation of "C-substrates into medium amino acids was determined by thin-layer chromatography using the bidirectional solvent system described by White (17) on Eastman Cellulose Chromagrams. In preliminary studies, the only amino acids produced from "C-glutamine and -glutamate in renal cortex slices in significant amounts were alanine, aspartate acid, glutamate, glutamine, glycine, and serine. Table I were derived from 24 experiments. Each experiment included acidotic, control, and alkalotic animals, with 3-7 animals per group. All of the products listed in the table were not determined in each experiment. The production of glucose and ammonia by slices incubated without added substrate has been subtracted in the calculation of net glucose and ammonia production from glutamine and glutamate. The production of glutamaine, glutamate, lactate, and pyruvate by slices incubated without added substrate was insignificant. The observations on the incorporation of "C-substrates into products are based only on the analysis of flasks containing 10 mm glutamine and U-"C-glutamine or 10 mM glutamate and U-"C-glutamate.
Glutamate studies. The effects of in vivo acid-base status on the metabolism of glutamate in renal cortical slices are summarized in the upper part of Table I . The mean +SE is given and the number of observations is shown in parentheses. Glutamate uptake was 728±43 /hmoles/g dry weight with slices from control animals and was not significantly affected by acid-base status. It can be seen that most of the glutamate taken up was converted to C02, glucose, and glutamine with smaller amounts appearing in lactate, pyruvate, alanine, serine, lipid, and protein. Acidosis increased the conversion of glutamate to ammonia, glucose, and lipid (P < 0.01), probably increased conversion to C02 and lactate (P < 0.05), and decreased the production of glutamine (P < 0.01). Alkalosis significantly decreased ammonia and glucose production (P <0.01), and increased the conversion of glutamate to glutamine (P < 0.01) and protein (P < 0.05). Glucose production determined from the incorporation of U-"C-glutamate into glucose correlated in a linear manner with glucose production determined with glucose oxidase. Glutamine studies. The effects of in vivo acid-base status on the metabolism of glutamine in renal cortical slices are shown in the lower part of Table I . Glutamine uptake was significantly greater than glutamate uptake with slices from control animals (P < 0.01) and was, in addition, markedly influenced by acid-base status. With slices from acidotic animals glutamine uptake increased to 1559 Amoles/g dry weight, a value almost double the glutamate uptake of 797 Amoles. Conversely, with slices from alkalotic animals, glutamine uptake dropped to 819 Amoles, a value approaching the glutamate uptake of 719
Imoles. Most of the glutamine taken up from the medium was converted to C02, glucose, glutamate, and lactate with smaller amounts appearing in pyruvate, alanine, aspartate, glycine, serine, lipid, and protein. Acidosis significantly enhanced the conversion of glutamine to ammonia, glucose, lactate, C02, lipid, and protein (P < 0.01) and probably increased pyruvate production (P < 0.05). Overall, the effects of alkalosis on glutanmine metabolism were opposite those of acidosis.
Glucose production determined from the incorporation of U-"C-glutamine in glucose correlated in a linear manner with glucose production determined with glucose oxidase (glucose production ["C] = 0.81 glucose production [glucose oxidase] -4.0, r = 0.94). With either method, the effects of acid-base status on gluconeogenesis were found to be more marked in the glutamine than in the glutamate studies.
Substrate recovery. In Table II the data, which had been expressed as /Amoles of product, or umoles of substrate in product in Table I , have all been expressed in a common unit, umoles of substrate carbon or nitrogen, so that they may be summed and the recovery of substrate carbon or nitrogen in products calculated. The total recovery of glutamate carbon and nitrogen observed was 104-115% and 79-98%, respectively, of the glutamate taken up from the media. The recovery of glutamine carbon and nitrogen in products was 88-95% and 82-87%, respectively.
14CO production from U-'4C-glutamine, U-'4C-glutamate, and 1,2-24C-acetate. The conversion of glutamine and glutamate to products along the pathways shown in Fig. 1 is associated with predictable quantities of C02 production. Fig. 2 is an analysis of the contribution of the calculated product associated "CO2 production to total "CO2 production, using data derived from the values given in Table I . The total height of the bars represents total "CO2 production. The upper part of each bar represents the "CO2 calculated to be produced in association with the conversion of glutamate or glutamine to glucose, pyruvate, lipid, protein, and amino acids. When the "'CO2 associated with the formation of these products is subEffects of Acid-Base Status on Renal Glutamine and Glutamate Metabolism Table I were assumed to contain equivalents of substrate carbon as follows: glutamate, S pmoles; lactate and pyruvate, 3 smoles; and glucose, 6 jmoles of glutamine carbon/jsmoles of product found. The data for C02, alanine, aspartate, glycine, serine and slice contents, which were expressed as pmoles of substrate in each product in Table I , have been multiplied by 5 to convert them to~moles of substrate carbon. In calculating the recovery of glutamine nitrogen, 1 mole of glutamine is considered to have 2 moles of glutamine nitrogen. Thus, each pmole of glutamate or ammonia found was considered the recovery of 1 pmole of glutamine nitrogen. Substrate nitrogen recovered in protein was calculated from the carbon recovery, assuming a ratio for carbon: nitrogen of 3:1 (31). The calculations for the glutamate studies were similar except that 1 mole of glutamate was considered to have 1 mole of glutamate nitrogen. Thus, one pmole of ammonia would indicate the recovery of one smole of glutamate nitrogen and one pmole of glutamine would indicate the recovery of 2 pmoles of glutamate nitrogen. Nitrogen recovery in the nonprotein components of the slice was calculated from the carbon recovery, assuming a ratio for carbon: nitrogen of 4.8:1 in the glutamine studies and 5.9:1 in the glutamate studies. These ratios were based on studies of the incorporation of 14C-glutamine and 14C-glutamate into the amino acid, organic acid, lipid, and glucose + glycogen content of the slice. Incorporation of radioactivity into organic acids was determined using thin-layer chromatography (36) . The percentage distribution of radioactivity in the glutamate studies (n = 6) were as follows: alanine + serine, 1.3; aspartate, 4.7; glutamate, 57; glutamine, 1.5; glycine, 0.7; organic acids, 9; lipid, 5.6; glucose + glycogen, 3.9; and undetermined 16.3%. Similar results were obtained in the glutamine studies except that glutamate contained 44, glutamine 19, and the undetermined fraction 10.3% of the radioactivity.
tracted from the total 14CO2, the remainder, represented by the lower hatched portion of the bar is a measure of the extent to which the substrate is completely oxidized to C02 and presumably reflects substrate oxidation in the Krebs cycle. This figure demonstrates graphically the small changes in U-"C-glutamate conversion to 4CO2 and large changes in U-"C-glutamine conversion to 14COa already described in Table I , which occur following acidosis and alkalosis. When the product associated 14C02 is subtracted from total "CO2 production, the remaining 'CO2 production is unaffected by acid-base status. These observations suggest that the complete oxidation of glutamine and glutamate to C02 in the Krebs cycle is not increased by acidosis.
Since acetate is oxidized in the Krebs cycle but would not give rise to C02 when converted to other products, studies of the effects of acid-base status on 'CO2 production from 1,2-"C-acetate were also performed (Fig. 3) . Each point in Fig. 3 represents three to six observations on 14CO2 production by cortex slices from different animals incubated in Krebs-Ringer bicarbonate medium containing 25 mm and 1,2-"C-acetate (12, ,000 dpm/ /Amole). Also shown is the mean +SE for all observations with alkalotic (n = 26), control (n = 27), and acidotic (n = 24) animals. With slices from alkalotic animals, the conversion of "C-acetate to 14CO2 was 774+40 /Amoles of C02/g dry weight, a value significantly higher (P <0.05) than the values of 660±28 and 642±44 found with slices from control and acidotic animals, respectively. With the exception of one experiment, C02 production was higher after alkalosis, and lower after acidosis, when compared with the data from control animals. To determine if the results shown in Fig. 3 were related to the method employed, in which flasks were opened at the end of incubation, two similar experiments, not shown in Fig. 3 , were done in which the conversion of 1,2-'4C-acetate to "CO2 (24,900-32,800 dpm/Amole) was determined without opening the flasks.
At the end of incubation, 0.2 ml of phenethylamine was injected through the rubber stopper into a center well and 1 ml of 10 N H2SO4 was injected into the medium. 4CO2 was then determined as described under Methods. Recovery of NaH"CO3 added to control flasks was 98-103%. C02 production from acetate with cortex slices from normal animals was 542±+19 gmoles/g dry weight per 90 min (n = 9). Acidosis reduced C02 production from acetate to 462±25 (n = 9, P < 0.05) and alkalosis increased it to 607±7.6 (n = 11, P < 0.02). With either method, it appears that acetate conversion to C02, unlike that of glutamine, is stimulated by alkalosis rather than acidosis.
Relation between glutamine conversion to ammonia and its conversion to other products. In Fig. 4 we have attempted to determine the extent to which the products of glutamine metabolism associated with ammonia production have been measured. The values shown have been derived from the data presented in Table I . In this analysis it has been assumed that all of the products have been derived from glutamine. Conversion of 1 mole of glutamine to a product not containing nitrogen is assumed to give rise to 2 moles of ammonia; conversion to 1 mole of the amino acids measured in this study is assumed to result in the production of 1 mole of ammonia. The predicted NHs, shown on the ordinate, and graphed for the studies with slices from alkalotic, control, and acidotic animals, is plotted against the observed NH8 production on the abscissa. The distribution of products associated with NH3 production is shown on the right. The conversion of glutamine to glucose, lactate, pyruvate, and amino acids is associated with the production of both ammonia and C02. In Fig. 4 the ammonia produced in association with this C02 is already accounted for by the conversion to these products. Accordingly, the ammonia predicted to be produced in association with the-conversion of glutamine to "CO2 is calculated from the total "CO2 production minus the 14CO2 calculated to be produced in association with the conversion of glutamine to Fig. 4 and Table I indicate that the products of glutamine metabolism, significantly affected by prior acid-base status, which could be associated with increased NH3 production are glucose, lactate, pyruvate, lipid, protein, and glutamate. In Table  III we have examined the extent to which the increased conversion of glutamine to these products can account for the enhanced C02 and ammonia production found during acidosis. The upper part of Table III shows FIGute 4 Relation between predicted and observed ammonia production. The predicted ammonia production, based on the conversion of glutamine to other products, is shown on the vertical axis and graphed for the studies with slices from alkalotic, control and acidotic animals. The distribution of products associated with ammonia production is shown on the right. The observed ammonia production during these studies is plotted on the horizontal axis (see text for details). (A acid -alk). The A NH3 and A C02 predicted from the change in conversion to these products is also given.
It can be seen that the ratio of observed: predicted "CO2 and ammonia production is close to one when 'CO2 and ammonia production from glutamine in slices from acidotic animals is compared with that found in slices from either control (A acid -cont) or alkalotic animals (A acid -alk).
Relation between ammonia and CO2 production from glutamate and its conversion to other products. As shown in Table I , the products of glutamate metabolism, other than ammonia and '4CO2, which changed significantly as a result of acidosis were glucose, lactate, lipid, protein, and glutamine. In the lower part of Table III , the change in glutamate conversion to these products, and to ammonia and 'CO2 after acidosis, has been analyzed in the same manner as that described in the previous section for the glutamine studies. In this analysis a decrease in glutamine production from glutamate is assumed to predict an equimolar increase in NH3 production. The data indicate that the observed change in the conversion of glutamate to the products shown after acidosis, more than accounted for the observed increases in NH3 and "CO2 production. As was suggested for the glutamine studies shown in Fig. 4 , this finding may be due to conversion of endogenous substrates, which do not give rise to ammonia, to the products shown in Table III, or to the conversion of glutamate to these products and nitrogen containing products other than ammonia, which were not determined in these studies. Another possibility, suggested by the data shown in Fig. 3 , is that following acidosis a decrease in the complete oxidation of glutamate to C02 and ammonia occurs.
Relation between the conversion of glutamate to glutamine and its conversion to glucose, lactate, and ammonia. In the glutamate studies, glucose, lactate, "CO2, and NHs production increased significantly after acidosis. Since acidosis did not enhance glutamate uptake, the increase in glucose, lactate, "CO2, and ammonia production can only be accounted for by a decrease in the conversion of glutamate to other products. It is apparent from Tables I and III that glutamine is the major product of glutamate metabolism which decreases after acidosis. As shown in the lower part of (Table III, A acid -alk). An alternate explanation, not ruled out by these studies, is that the primary event in acidosis is a net decrease in glutamine production from glutamate which secondarily leads to increased conversion of glutamate to glucose, lactate, C02, and ammonia.
DISCUSSION
These studies demonstrate that in renal cortex slices there is a marked dependence of glutamine metabolism, and to a lesser extent glutamate metabolism, on prior acid-base status. When compared with slices from alkalotic animals, slices from acidotic animals demonstrated a twofold increase in glutamine uptake. Glutamate uptake, on the other hand, was not significantly affected by prior acidosis or alkalosis. Although acid-base status did not affect glutamate uptake, it markedly influenced its metabolic fate. In the absence of changes in glutamate uptake, -it must be concluded that acid-base status alters the intracellular metabolism of glutamate. Although an effect of acid-base status on glutamine transport into cells is not ruled out by these studies, the effects of acid-base status on glutamate metabolism suggests that the increase in NH3 production from glutamine during acidosis is at least in part related to changes in its intracellular metabolism.
The data summarized in Fig. 4 indicate that all of the major products of glutamine metabolism associated with NH3 production in rat renal cortex slices were determined in the present studies. They confirm our previous observation (32) that about three-quarters of the increment in NH3 production from glutamine in rat renal cortex after acidosis can be accounted for by increased glucose production, and demonstrate that the remaining one-fourth can be explained by enhanced conversion of glutamine to lactate, pyruvate, lipid, protein, and glutamate. These experiments also indicate that most of the increase in glucose production as a result of acidosis was derived from glutamine, since the rise in glucose production determined from the incorporation of U-"Cglutamine into glucose can account for 85% of the increase in glucose production determined with glucose oxidase.
With slices from control animals, glutamine uptake exceeded that of glutamate by 303 Amoles/g dry weight per 90 min, an amount approximately equal to, and presumably explained by the conversion of glutamine to glutamate (Table I ). The fourfold greater ammonia production from glutamine when compared to glutamate (control studies, Table I ) can also be explained in terms of the products summarized in Damian and Pitts (6) in which alkalosis increased glutamine synthetase activity and decreased glutaminase I activity in vivo in the rat kidney. They concluded that glutaminase I and glutamine synthetase are influenced by acidbase status in opposite ways and form an operationally reversible system which acts to control renal ammonia production. Increased net glutamine synthesis during alkalosis could, by decreasing glutamate concentration, make it less available for conversion to glucose and lactate. It is also possible that acidosis primarily stimulates glutamate conversion to glucose and lactate and that this subsequently leads to decreased glutamate availability for glutamine synthesis. By either mechanism, ammonia production would be decreased during alkalosis, both by reduced conversion of glutamate to glucose, lactate, C02, and ammonia, and because of increased conversion of free ammonia and glutamate to glutamine.
Simpson and Sherrard (9) have demonstrated that the conversion of U-"C-glutamine to 14CO2 is increased in renal cortical slices from acidotic dogs and in cortical slices from normal dogs incubated at a reduced medium pH. They suggest that during acidosis, increased glutamine utilization, presumably in mitochondria, leads to enhanced conversion of glutamine to ammonia and C02. Our experiments suggest that in renal cortex from acidotic rats, increased "CO2 production from U-14C-glutamine is not secondary to stimulation of the complete oxidation of glutamine. Rather, it appears to be related to an acidosis-stimulated conversion of glutamine to glucose, lactate, pyruvate and lipid, products associated with obligatory C02 production when they are derived from glutamine. Phosphoenolpyruvate is a precursor of glucose, pyruvate, lactate, and lipid synthesis. Increased PEP-carboxykinase activity therefore is a possible explanation for the increased conversion of glutamine to these products which was found in our studies with slices from acidotic animals. The only major product of glutamine metabolism stimulated by acidosis which cannot be explained in terms of PEP-carboxykinase activity is glutamate. Increased conversion of glutamine to glutamate during acidosis may be related to the changes in glutaminase I and glutamine synthetase activity described above. It is also possible that the production of glutamate in large amounts is an artifact of our experimental protocol in which kidney slice metabolism is examined in the presence of high concentrations of glutamine. There is no evidence that acidosis increases the conversion of glutamine to glutamic acid in the kidney in vivo (2, 3) .
The present experiments demonstrate a quantitative relation between ammonia production from glutamine and the conversion of glutamine to products associated with PEP-carboxykinase activity. They do not however, establish that a cause and effect relation between PEPcarboxykinase activity and ammonia production is present. Recent studies by Pagliara and Goodman (42) and Preuss (14) have demonstrated a dissociation between glucose and ammonia production by renal cortex slices when incubations are carried out at various pHs. In addition, Simpson and Sherrard (9) have found pH effects on glutamine metabolism in mitochondria despite the fact that PEP-carboxykinase is located primarily in the cytoplasm (13) . Although the present experiments do not provide evidence that PEP-carboxykinase is a primary regulator of renal ammonia production, they suggest that changes in its activity may be an important part of the response of renal cortex to acidosis.
The effect of medium pH on hepatic glutamine and glutamate metabolism has recently been examined by Lueck and Miller in the isolated perfused rat liver (43) .
Livers perfused at pH 7.15 had decreased glutamine utilization and conversion to C02 when compared with livers perfused at pH 7.45 . Although these results are opposite those found with renal cortex slices in the present experiments, they are not completely unexpected since it has previously been demonstrated that liver and kidney metabolism respond differently to changes in acid-base status (44) . The effects of acid-base status on glutamate metabolism however, appear to be similar in liver and kidney. In both our studies, and in those of Lueck and Miller, glutamate uptake and conversion to C02 were relatively unaffected by pH. In addition, in both tissues glutamate conversion to glutamine appears to be enhanced by alkalosis.
APPENDIX
Studies performed to determine the correction factor for gas phase CO2
Slices from four acidotic, four control; and four alkalotic rats were incubated at 370C for 90 min in 10 ml of KrebsRinger bicarbonate buffer containing 10 mM glutamine (12 flasks) and 10 mM glutamate (12 flasks). At the end of incubation, determinations for medium Pco2 and total CO2 were made on samples obtained anaerobically. Total CO2 was determined with a Natelson microgasometer and Pco2 using a Radiometer PCo2 electrode and pH Meter 27. Flask volume was determined by weighing the stoppered flasks before and after the addition of distilled water. Separate factors were calculated to determine gas phase CO2 for studies with slices from acidotic, control, and alkalotic rats using the following equations: Medium H2CO3 (pmoles/ml) = 0.03 Pco2 (Al) Gas assumes that when experimental samples are analyzed, all of the medium H2CO3 (free C02) is lost when the flask is opened and the sample pipetted. In practice only part of the medium H2CO0 is lost. If none of the H2CO0 were lost the calculated flask CO2 would be 5% higher than the true flask CO2. This probably accounts in part for the greater than 100% recovery observed in our control studies.
